The mechanism of ventricular fibrillation is poorly understood at the cellular level. We explored the role of intracellular free calcium in the pathophysiology and pathogenesis of ventricular fibrillation in perfused ferret hearts loaded with the Ca2' indicator 5F-BAPTA. Nuclear magnetic resonance spectroscopy was used to measure [Ca2+] 
The mechanism of ventricular fibrillation is poorly understood at the cellular level. We explored the role of intracellular free calcium in the pathophysiology and pathogenesis of ventricular fibrillation in perfused ferret hearts loaded with the Ca2' indicator 5F-BAPTA. Nuclear magnetic resonance spectroscopy was used to measure [Ca2+] i, pH, and high-energy phosphates. The experimental protocols are depicted schematically in Figure 1 . After 1-3 time-averaged`9F (or 31p) spectra were obtained under control conditions, ventricular fibrillation was induced by repetitive ventricular stimulation at 10-30 Hz for approximately 10 seconds. Of 28 total hearts, VF could be readily induced in 16. In seven of these hearts, VF was maintained uninterrupted for 20 minutes until defibrillation by bolus injection of lidocaine (0.2 mg). The remaining nine hearts defibrillated spontaneously at least once during 20 minutes; VF was reinduced by burst pacing within 10 seconds in each case. No hearts were included in which spontaneous defibrillation events were so frequent that more than 7% of any VF spectrum was obtained during periods when the hearts were not fibrillating. After 20 minutes, VF was terminated with lidocaine or, in one case, by spontaneous defibrillation.
As the bottom row of Figure 1 shows, left ventricular volume was either kept constant throughout the experiment (group 1, n=4) or reduced during fibrillation to keep the mean left ventricular pressure between 10 and 20 mm Hg (group 2, n=12). The hearts were paced at 1.0-1.5 Hz before and after fibrillation, then patted dry and weighed at the conclusion of each experiment. these were based not on electrograms, but rather on observations of the mechanical activity of fibrillating myocardium.
[ Figure 3) Figure 5A shows representative 19F NMR spectra from a heart in group 2. During fibrillation, the area under the bound peak is greatly increased at the expense of the area under the free peak; as seen in the right-hand spectrum of Panel A, the changes were fully reversible upon defibrillation. To define more precisely the time course of the increase in [Ca2fli during fibrillation, we obtained spectra at 1-minute resolution in the experiment shown in Figure 6 , from a heart that exhibited a particularly favorable signal-to-noise ratio. that in postischemic "stunned" myocardium. 29, 44 If, as concluded before, a history of calcium overload suffices to stun the heart, we might expect postfibrillatory contractility to be low as a direct after-effect of the substantial rise in [Ca21]i during fibrillation. Figure 9 shows that this is indeed the case, even in group 2 hearts. Panel A shows records of left ventricular pressure in one experiment before and 20 minutes after fibrillation. Developed pressure in the post-VF period falls by about 50% compared with the response before fibrillation. The pooled data in Panel B show that this finding was consistent. The postfibrillatory dysfunction is not due to the transient exposure to lidocaine because a similar reduction in developed pressure was seen in the heart that recovered spontaneously from ventricular fibrillation (w symbols Figure 11 ).
sustained. We checked a number of variables that might reveal a clue to the origin of the differences in inducibility. Myocardial mass is an important variable to consider because fibrillation is favored by a large substrate. 
